Abstract Hypertension is a main risk factor for atherosclerosis through vascular wall hyperplasia. A recent study reported a new polymorphism (E65 K) in the b 1 subunit (KCNMB1) gene of the Ca 2+ -dependent potassium channel with a protective effect against the severity of diastolic hypertension, but further data have lead to conflicting results. In order to ascertain the involvement of the E65 K variant in cardiovascular system regulation, the potential association between this mutation and ischaemic heart disease was assessed through a family-based association study (n=302 individuals). Transmission disequilibrium analysis failed to detect any association between this polymorphism and ischaemic heart disease. Although a minor effect cannot be discarded, sample analytical power and negative results do not support a major role for E65 K polymorphism in atherogenic pathologies.
Introduction
Hypertension is a major chronic disease in developed countries and is a main cardiovascular risk factor. The relationship between hypertension and atherosclerosis derives from the vascular smooth muscle hyperplasia induced by the increased vessel wall tension and also from the endothelial dysfunction caused by shear stress.
Genetic studies in animals and humans have revealed information about different pathways that contribute to genetic susceptibility to ischaemic heart disease (IHD), including lipoprotein metabolism, lipid oxidation, vascular tone, homocysteine regulation, and inflammation (for a review see Lusis et al 2004) . Genes controlling vascular tone (nitric oxide synthase or adrenergic receptor genes) have been studied as candidate genes for cardiovascular disorders with different, often conflicting, results (Wang and Wang 2000; Naber et al 2004) . Thus, many authors state that the natures of hypertension and cardiovascular disease are multifactorial, and hence multigenic (Doris 2002) .
Vascular tone is controlled by a calcium signal in the vascular smooth muscle, and a key element of this is the large conductance Ca 2+ and voltage-dependent K + (BK) channel (Jaggar et al 2000) . The BK channel consists of an ion-conducting a subunit and a regulatory b 1 subunit. Animal models have demonstrated that b 1 gene (KCNMB1) disruption results in increased arterial tone and blood pressure, leading to stroke, heart disease and renal disease (Brenner et al 2000) .
Recently, an interesting association between a new single-nucleotide substitution (G352A) in the KCNMB1 gene and diastolic hypertension has been shown in a sample of Spanish subjects (Ferna´ndez-Ferna´ndez et al 2004) . This mutation yields a glutamic acid-to-lysine change at codon 65 (E65 K). Functional findings together with epidemiological data lead the authors to the conclusion that the K allele has a protective effect against the severity of diastolic hypertension, suggesting that this mutation might offer a more efficient feedback mechanism for vascular smooth muscle contractility. Nevertheless, a very recent study has not been able to reproduce these results in a sample of 2130 Japanese hypertensive subjects (Kokubo et al 2005) .
In order to validate these observations and to test for a potential role of E65 K polymorphism in cardiovascular risk, we analyzed the possible association between this polymorphism and ischaemic heart disease (IHD) through a family-based association study. Altered vascular tone plays a major role in IHD, and a worthwhile hypothesis is that variations in diastolic pressure regulation efficiency may have an effect on cardiovascular disease aetiology (Nabel 2003) . Besides, as far as we know, the possible relationship between KCNMB1 molecular variation and cardiovascular disease has never been tested.
Materials and methods
In this study, the E65 K polymorphism was analyzed in a sample of 101 nuclear families (n=302). Each family consisted of both parents and IHD-affected offspring younger than 55 years. Family composition and recruitment criteria have been described previously (Gonza´lez-Pe´rez et al 2002) . Written informed consent was obtained before a blood sample and data on cardiovascular risk factors were collected.
DNA was extracted by a phenol/chloroform procedure from the leukocyte fraction. E65 K polymorphism was analyzed using a Taqman assay (ABI PRISM 7900HT; Applied Biosystems, Foster City, CA, USA), using 5¢-GCCACCTGATTGAGACCAACAT-3¢ and 5¢-CCCACAGGCATGGGTACTG-3¢ primers, and VI C-ACCAGGAGGAGCTGA-MGB for the E (G base) allele and FAM-ACCAGGAGAAGCTGA-MGB probe for the K (A base) allele.
Allelic and genotypic frequencies were computed by direct counting, and Hardy-Weinberg adjustment was assessed through Genetix 4.04 Software (available from http://www.univ-montp2.fr/$genetix/genetix/genetix.htm). The transmission disequilibrium test (TDT) was calculated using TRANSMIT software package (Clayton 1999) . TDT evaluates the disequilibrium during allele transmission from heterozygous parents to affected offspring. The significance of the TDT values was re-assessed using permutation bootstrapping methods (100,000 iterations). Likewise, TDT estimates were also calculated by taking into account only unequivocal informative transmissions following the criteria established by Spielman et al (1993) . Sample analytical power in TDT was calculated under a genotype relative risk c of 2.2 and a significance level a=0.05 by TDT-PC software (Chen and Deng 2001) . Under these assumptions, the sample size used here yielded an analytical power in TDT of 83.5%.
Results
Genotypes for parents and offspring fitted HardyWeinberg equilibrium assumptions (p=0.405 and p=0.907, respectively). Allelic frequencies (0.1037 and 0.1224 for the K allele in parents and offspring, respectively) were similar to those previously described (Ferna´ndez-Ferna´ndez et al 2004; Kokubo et al 2005) .
No transmission disequilibria were detected for any allele, not by TRANSMIT nor by Spielman criteria, as shown in Table 1 . TDT values that resemble a chisquared distribution with one degree of freedom do not reach significance in any case. Moreover, this lack of association was confirmed when the whole sample was subdivided according to different classical environmental risk factors such as hypertension, smoking status, or gender.
Discussion
A hypothesis on the possible association between the E65 K polymorphism in the KCNMB1 gene and IHD risk has arisen due to recent results on the relationship between this polymorphism and the severity of diastolic hypertension (Ferna´ndez-Ferna´ndez et al 2004) . Other studies, such as published associations between variants of the KCNMB1 gene and heart rate and baroreflex function seem to give additional indirect support to that hypothesis (Gollasch et al 2002) . However, the present results do not confirm any relationship of this marker to the genetic susceptibility of IHD; rather they support the lack of association between E65 K and hypertension revealed by Kokubo et al (2005) . Taking into account the sample size (101 nuclear families) and the frequency of the K allele, a very low level of Type I and II error (a<0.05 and power>80%) can be maintained for a genotype relative risk equal to or greater than 2.2 (or a protective role equal to or lower than 0.46). We can rule out a significant effect of this polymorphism, but effects under this threshold cannot be rejected without a significant risk of committing a Type II error. Although minor effects cannot be discarded, a deep analysis of data in Table 1 indicates few trends consistent with any effect at all. If the K variant was a protective allele, we should expect lower observed transmissions than expected transmissions (although not reaching significant levels), but we obtained the reverse trend in our data.
To sum up, it is possible that the E65 K polymorphism of the KCNMB1 gene might play a specific role only in severe diastolic hypertension, detectable from large samples such as those from Ferna´ndez-Ferna´ndez et al, but our data discard any etiologic relationship between this polymorphism and IHD. Further studies should focus on clarifying the potential role of this polymorphism in blood pressure regulation.
